Introduction
Lumbar puncture was first described as a diagnostic test by Quincke in 1891 1 . Lumbar punctures are typically performed for diagnostic purposes to collect cerebrospinal fluid (CSF) for laboratory analysis. The classic indication is suspicion of meningitis, where early LP is helpful to confirm the diagnosis, identify the responsible microorganism and determine the antibiotic sensitivities [2] [3] [4] .
Since the central nervous system (CNS) serves as a sanctuary for cancers with a predilection for leptomeningeal dissemination, includ-Multidetector CT-Guided Lumbar Puncture in Patients with Cancer cases, the primary request was for diagnostic purposes in the clinical work-up of mental status change (n=8), leptomeningeal disease (n=5) and to evaluate for meningitis (n=2). In 29 cases, the procedure also included the instillation of intrathecal chemotherapy, either methotrexate or cytarabine. In 16 patients, there was a prior unsuccessful attempt which was either a blind attempt (n=10) or with fluoroscopic guidance (n=6). The primary disease in the 31 patients who presented for the lumbar puncture procedure included the following: lymphoma/leukemia (n=21), breast carcinoma (n=4), melanoma (n=1), lung carcinoma (n=1), renal cell carcinoma (n=1), gastrointestinal stromal carcinoma (n=1), prostate carcinoma (n=1), head and neck squamous cell carcinoma (n=1). Conscious sedation (n=22) or general anesthesia (n=12) was provided by the Anesthesiology Department in 34 of 41 cases. There was no need for sedation in seven of the 41 cases, including one patient with leptomeningeal disease involving the cauda equina in whom image guidance was requested.
Technique
Appropriate evaluation and planning for the MDCT-guided lumbar puncture is essential.
Pre-Procedure
Clinical Assessment: The radiologist needs to assess the indication and need for the procedure, in consultation with the referring physician. Complicating factors such as prior surgery and/or the presence of implanted devices needs to be noted.
Laboratory Assessment
Since the patients referred to our institution, as well as within this series, are being treated for cancer, and may be at risk for a coagulopathy, we routinely check coagulation parameters including the prothrombin time (PT), International Normalization Ratio (INR), and the platelet level. These values should be within acceptable ranges as determined by the operators' institution. At our institution, guidelines are a platelet count greater than or equal to 50 K/µL, PT less than 15 seconds, and an INR less than 1.5. However, these parameters need to be adapted to the patient's individual circumstances.
Imaging Assessment
Review of imaging, be it plain radiographs of the lumbar spine, the scout radiograph or axial images from a CT examination, or an MRI examination of the spine, may aid in determining the appropriate level for procedure guidance.
Consent
Consent is obtained from the patient, with written documentation of a discussion of the risks involved in the procedure.
Procedure
The patient is brought to the CT suite and placed in either prone or lateral position. The lateral position may be beneficial if the patient Figure 1 Axial non-contrast enhanced MDCT image shows access to the spinal canal at the L5/S1 level. The distance from the linear radiopaque marker to the surface on the skin where the procedure will be performed has been measured. is undergoing general anesthesia, with the patient's airway facing towards the anesthesiology team. A linear radiopaque marker is placed on the patient's back, parallel to the vertebral column. A second marker may be placed running obliquely, as determined by the radiologist. Alternatively, a biopsy grid (Guidelines, Beekley Corporation, Bristol CT) may be taped to the skin. Axial CT imaging of the lumbar spine is performed and filmed at 1.25 or 2.5 mm thickness. The access point is then determined based on: a) the level of the spinal cord, b) patency of the canal and c) ease of access. The access point may be visualized directly in the axial plane, usually between the lamina ( Figure 1 ) or in sagittal reformatted images, between the spinous process ( Figure 2 ) and the lamina. The axial slice number on the skin surface is then determined. This is seen on the image in the direct axial plane or can be determined from the sagittal reformatted images with a line extending from the spinal canal to the skin surface and then determining the corresponding axial plane ( Figure 2 ). The distance from the radiopaque marker to the access point as well as the depth from the skin surface to the middle of the thecal sac is then measured. The depth from the skin surface to the middle of the spinal canal aids in choosing the appropriate length for the spinal needle.
The patient is moved into the gantry where the laser marker is positioned in the selected axial plane ( Figure 3A ). The measured distance from the radiopaque marker to the access point is then marked on the skin surface using a permanent marker ( Figure 3B ). The patient is prepped and draped in a sterile fashion. Local anesthesia is then administered. At our institution, we administer 2-5 cc of 1% lidocaine solution intradermally, and within the subcutaneous and deep soft tissues. The spinal needle is then advanced toward the spinal canal. If the operator feels comfortable with the placement of the needle, it may be advanced into the spinal canal. However if there is any question, repeat imaging may be performed at 1.25 or 2.5 mm thickness ( Figure 4 ). Following repeat MDCT imaging, the spinal needle is repositioned and advance toward the spinal canal in an iterative fashion, using the imaging to guide the needle to its destination. Once thecal puncture is achieved, return of CSF documents appropriate position of the spinal needle within the thecal sac.
In the majority of cases, CSF is then collected as requested by the referring physician. Intrathecal chemotherapy can then be instilled into the thecal sac. The spinal needle is removed, a band-aid is placed over the procedure site, and anesthesia is reversed.
A problem we infrequently encountered was the lack of spontaneous CSF flow through the spinal needle. Because this was a rare occurrence, we are unable to explain the cause, but we suspect prone positioning was a contributory factor. If CSF return is not identified, imaging is used to verify that the needle tip terminates centrally in the thecal sac, and is repositioned as appropriate. If CSF backflow is still not seen, one to two ml of iohexol (Omnipaque 180 mgl/mL, GE Healthcare, Princeton, NJ) contrast material is administered through the spinal needle. At this point, CT imaging ( Figure  5 ) will confirm the position within the thecal sac, rather than within the epidural space. It is critical to document true intrathecal needle position prior to chemotherapy installation. In these infrequent cases, CSF is typically not collected, as it would require aspiration, and a contrast agent in the CSF might interfere with laboratory results.
Post-Procedure
At our institution, inpatients are observed in our radiology holding area for one hour and then returned to the floor for further monitoring. Outpatients are observed for two hours following the procedure and then discharged. This is pending approval of the anesthesiology department in cases where conscious sedation or general anesthesia has been provided.
Results
Successful MDCT guided lumbar puncture was performed in 39 of 41 (95.1%) attempts. In one patient, two attempts using MDCT guided lumbar puncture were unsuccessful. This patient originally had a difficult fluoroscopic guided lumbar puncture and after the second CT guided attempt, the patient was transferred to the operating room where a fluoroscopic guided lumbar puncture was performed successfully. In 35 of the 41 cases, there was return of CSF, which was collected and sent to the laboratory for analysis as requested. In six of the 41 cases, the spinal needle position was confirmed by the administration of iohexal contrast as there was no return of CSF. In one of the 41 patients, there was one episode of post procedural headache attributed to a dural leak, which was treated with a blood patch by the anesthesiology service. No other immediate or short-term complications were otherwise observed. The duration of the procedure to access the thecal sac was determined by comparing the times on the first and last MDCT images, assuming that no further imaging was required, and that thecal sac access was obtained shortly after the last image. The time from the first to last MDCT image ranged between two and 105 minutes (mean 28.0 minutes) in 38 cases. In three cases, only one set of MDCT images, with the assumption that the successful access was obtained without the need of further imaging.
Discussion
MDCT-guided lumbar puncture is an effective and safe guiding modality for thecal sac access in patients with cancer. MDCT-guided lumbar puncture may be performed when there has been a failed blind or fluoroscopic guided attempt and is especially beneficial in patients with severe degenerative changes, scoliotic curvature of the spine or a large body habitus. The number of patients who have undergone MD-CT guided lumber puncture represents only a small percentage of the total number of lumber punctures performed by our group. As often occurs in other centers, patients are sent for an image guided lumbar puncture when a bedside attempt failed. The algorithm we use to determine the need for MDCT guided lumbar puncture is included in the accompanying Table 1 . This algorithm is structured in response to the increased availability of MDCT compared to fluoroscopy at our institution, and to departmental requirements that preclude sedation in the fluoroscopy suite. In addition, our C-arm fluoroscopy unit is often in heavy use, and the patient's intrathecal chemotherapy is best not delayed.
MDCT-guided lumbar puncture can be used as a guidance tool for the collection of CSF and the instillation of chemotherapy. The distal tip of the needle can be confirmed within the thecal sac and in cases where there is lack of CSF backflow, the needle position may be further confirmed with the injection of 1-2cc of Omnipaque 180M contrast material. The technique is not difficult to learn and is easy to perform, however, takes longer to perform than a fluoroscopic guided procedure. The technique is unlikely to replace fluoroscopic guidance secondary to time of the procedure, cost and general ease of performing a lumbar puncture with fluoroscopic guidance. However, MDCT-guided lumbar puncture may be beneficial in patients if fluoroscopic thecal access has failed or as an alternative modality in the face of departmental or equipment-related constraints.
In experienced hands, the procedure can be performed without difficulty. Certainly the spinal canal, adjacent bony elements and the posterior soft tissues are better visualized. When lumbar punctures are difficult to perform or repeated attempts are necessary, often at multiple levels, blood can be introduced into the cerebrospinal fluid, which may alter the cell count, increase the protein level, and can cause false-positive culture and cytologic results, with consequent diagnostic confusion [11] [12] [13] [14] [15] . Bacteria 11, [16] [17] [18] or leukemic cells 11, 19 circulating in the blood may also be introduced into the CSF as a result of traumatic lumbar puncture.
Intrathecal administration of chemotherapy is currently used as prophylaxis against leptomeningeal dissemination due to the potential for devastating neuroendocrine and neuropsychological sequelae associated with radiation therapy. Methotrexate and cytarabine, the mainstays of intrathecal chemotherapy for several decades, have had a tremendous positive impact in the treatment and prevention of CNS leukemias and lymphomas 5 . Intrathecal administration of chemotherapy generally ensures direct delivery of drug into the leptomeninges, although in a small percentage of patients, drug inadvertently may be administered into the epidural or subdural space rather than into the CSF space 5, 20 . MDCT visualization of the spinal needle tip within the thecal sac assures the operator of correct positioning prior to chemotherapy instillation.
Visualization of the exact location of the needle tip in the spinal canal may minimize known complications from lumbar puncture such as epidural, subdural or subarachnoid hemorrhage at the procedure site, intracranial hypotension, positional headache, cerebral spinal fluid leakage, cerebral herniation, pneumocephalus, and bacterial meningitis [21] [22] [23] [24] [25] [26] [27] .
In addition to advantages already described, the performing radiologist may also visualize a paraspinal or intraspinal soft tissue mass, or a diffuse disc bulge which indents the thecal sac, which may not be seen with fluoroscopy or noted if prior imaging is not available. Disadvantages of the procedure include the inability to elevate the patient's head relative to their back, which increases pressure and augments CSF flow. An alternative is to perform the procedure in the lateral decubitus position. As with fluoroscopy and MDCT guided biopsies, MDCT guided lumbar punctures also utilize radiation for image acquisition. However, if a patient requires intrathecal chemotherapy as part of the cancer treatment regimen, it is imperative the needle tip is documented to be within the thecal sac prior to chemotherapy instillation. In this article, we have described the technique of MDCT guided lumbar puncture in patients with cancer, the majority requiring instillation of intrathecal chemotherapy. We wish to make it clear that it is not the purpose of this article to suggest that MDCT replace the blind or fluoroscopically guided procedure or to compare the two studies. Rather, this is a technique which may be used as a last option when the other, more commonly accepted methods have failed, or depending upon the requirements or availability of equipment at the performing radiologist's facility. Further study may be undertaken to determine if this technique applies to the general population.
Conclusions
Multidetector CT guided lumbar puncture is an effective means of obtaining intrathecal access and is effective in the appropriate clinical setting.
It may be beneficial for radiologists who perform lumbar punctures in patients with cancer to be familiar with this technique as it may be helpful in cases where prior blind and/or fluoroscopic attempts have failed. In cases where there is no spontaneous CSF backflow, visualization of the needle tip within the thecal sac is imperative prior to the administration of intrathecal chemotherapy.
